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1
COMMUNICATION APPARATUS

BACKGROUND

The technique disclosed in the present specification
relates to a communication apparatus for performing a
noncontact communication, and more particularly, to a com-
munication apparatus for performing communication by
proximity wireless transfer using a weak UWB signal.

The noncontact communication is radio technology for
transferring data in a transmission distance of zero to about
several dozen centimeters, and has an advantage in that it is
less affected by interference because there are less reflected
waves from reflecting objects existing therearound and that
it is not necessary to consider ensuring confidentiality and
preventing hacking in a transmission path. Noncontact com-
munication methods include a capacitive coupling method,
an electromagnetic induction method, and a radio commu-
nication method.

Noncontact communication techniques that can be
applied to high-speed communication include a proximity
wireless transfer technique such as “TransferJet (registered
trademark)” (for example, see www.transferjet.org/en/in-
dex.html (as of Jun. 14, 2011)). This proximity wireless
transfer technique is basically a method for transmitting a
signal using coupling action of induction field, and a com-
munication apparatus thereof includes a communication
circuit unit configured to process a high-frequency signal, a
coupling electrode spaced apart and arranged at a certain
height with respect to a ground, and a resonant unit effi-
ciently providing the high-frequency signal to the coupling
electrode. The coupling electrode or a component including
the coupling electrode and the resonant unit will also be
referred to as “high-frequency coupling device” or “coupler”
in this specification.

One of the features of the proximity wireless transfer
technique includes achievement of ultra high-speed data
transmission at a speed of about 100 Mbps using a weak
UWB (Ultra Wide Band) signal. Another feature of the
proximity wireless transter technique is the UWB commu-
nication, of which transmitting power is low. Therefore, an
electric field strength (strength of radio wave) at a distance
of three meters from radio equipment is equal to or less than
a predetermined level. In other words, it is a weak radio
which is almost at a noise level for another radio system
existing nearby. For this reason, users can use this without
obtaining any license (for example, see Radio Law Enforce-
ment Regulations (Radio Regulatory Commission Rules No.
14, 1950), Section 6(1)(1)).

On the other hand, many information devices such as a
personal computer (PC), a digital camera, a portable tele-
phone, and a PDA (Personal Digital Assistant) have a slot
into which a cartridge-type external memory such as a
memory stick (registered trademark) and an SD (Secure
Digital) card is inserted, thus achieving expansion of the
storage capacity. Furthermore, memory cards having a radio
communication function therein have been suggested (for
example, see Japanese Patent Application Laid-Open No.
2001-77878 and Japanese Patent Application Laid-Open No.
2006-216011). Even if an information device such as a
digital camera does not have a communication interface in
itself, the information device can wirelessly transmit, in a
direct and easy manner, large-capacity data such as still
pictures and motion pictures recorded in an internal memory
or a memory card when the memory card having a radio
communication function is attached to a slot (for example,
see www.eyefi.cojp (as of Jun. 14, 2011)).
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Alternatively, the proximity wireless transfer technique
may be provided in a memory card (for example, see
Japanese Patent Application Laid-Open No. 2010-67060).
When the proximity wireless transfer technique is provided
in a memory card, a high-frequency coupling device can be
easily made by forming a ground and a coupling electrode
as a wiring pattern on the same memory card substrate (for
example, see Japanese Patent No. 4345891, FIG. 23).

In this case, when the memory card is inserted into the slot
of the information device made of a metallic casing, there is
apossibility that sufficient communication performance may
not be achieved with the proximity wireless transfer tech-
nique using a low transmitting power. In particular, digital
cameras are often made of metallic casing because the
digital cameras has to have strength that can withstand drop
even though the digital cameras are small and thin.

For this reason, when the proximity wireless transfer
technique is provided in the memory card, it is preferable to
improve the transmitting power, i.e., the coupling action of
the induction field, at an end surface portion of the memory
card, which is exposed to the outside when the memory card
is inserted into the slot of the information device. However,
as the induction electric field strength is increased, the
strength of the radiation electromagnetic field increases,
which is likely to affect another radio system existing
nearby, and this makes it necessary to obtain a license to use
the memory card. Moreover, this causes radiation of radia-
tion electromagnetic field that is not used in the proximity
wireless transfer, and the electric power is consumed. This
weakens the induction electric field strength in a near field
that is originally necessary for the proximity wireless trans-
fer.

When the memory card is inserted into the inside of the
metallic casing, the radiation electromagnetic field is
shielded by the casing and is not radiated to the outside.
Therefore, there may be a method for obtaining authentica-
tion under the Radio Law for the digital camera having the
memory card inserted therein. For example, the design of the
memory card having the proximity wireless transfer tech-
nique can be optimized and specialized for a particular type
of digital camera. However, a vendor manufacturing and
selling memory cards having the proximity wireless transfer
technique is required to obtain authentication under the
Radio Law for each type of digital camera instead of
obtaining authentication under the Radio Law for the
memory card itself, or the vendor is required to develop and
manufacture memory cards for each type of digital camera,
and this burden would be the problem. In other words, it is
preferable for the memory card itself to satisty the regula-
tions under the Radio Law and ensure sufficient performance
of the proximity wireless transfer even when the memory
card is inserted into the metallic device casing.

SUMMARY

It is desirable to provide an excellent communication
apparatus capable of communicating by proximity wireless
transfer using a weak UWB signal.

It is also desirable to provide an excellent communication
apparatus capable of communicating by the proximity wire-
less transfer using the weak UWB signal, wherein the
communication apparatus is structured in a form of, for
example, a memory card, and is used by being inserted into
another information device such as a digital camera.

It is further desirable to provide an excellent communi-
cation apparatus inserted into another information device
such as a digital camera and capable of communicating by
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the proximity wireless transfer using the weak UWB signal,
wherein it is easy to obtain authentication under the Radio
Law for the communication apparatus.

According to an embodiment of the present technique,
there is provided a communication apparatus including a
substrate, a high-frequency coupling device including a
coupling electrode and a ground formed as a conductive
pattern on the substrate, a communication circuit unit con-
figured to process a high-frequency signal transmitted and
received by the coupling electrode, and a resonant unit
configured to increase an amount of electric current flowing
into the coupling electrode. The high-frequency coupling
device is configured such that a longitudinal length is shorter
than a lateral length.

According to the embodiment of the present technique
described above, an infinitesimal dipole made of a line
segment connecting between a center of a charge accumu-
lated in the coupling electrode and a center of an image
charge accumulated in the ground is formed, and the high-
frequency signal is transferred to a party in communication
oppositely arranged such that an angle 6 formed with a
direction of the infinitesimal dipole is almost zero degrees.

According to the embodiment of the present technique
described above, the longitudinal length of the high-fre-
quency coupling device is sufficiently shorter than a half-
wave of the high-frequency signal.

According to the embodiment of the present technique
described above, the coupling electrode and the ground are
formed on a same surface of the substrate.

According to the embodiment of the present technique
described above, the substrate has a multi-layer structure.
The coupling electrode and the ground are formed in dif-
ferent layers on the substrate.

According to the embodiment of the present technique
described above, the communication apparatus further
includes: a second ground on the substrate, wherein the
second ground is separated from the ground of the high-
frequency coupling device.

According to the embodiment of the present technique
described above, the ground of the high-frequency coupling
device and the second ground are formed on a same surface
of the substrate and are separated by a slit.

According to the embodiment of the present technique
described above, the second ground is used to ground a
circuit component, other than the resonant unit, mounted on
the substrate.

According to the embodiment of the present technique
described above, the communication apparatus is incorpo-
rated into a memory card. The substrate is a memory card
substrate on which a memory and a circuit component for
the memory card are mounted.

According to the embodiment of the present technique
described above, the communication apparatus is incorpo-
rated into an information device. The substrate is a main
circuit substrate on which a main circuit component of the
information device is mounted.

According to a technique disclosed in this specification,
an excellent communication apparatus can be provided that
can communicate by the proximity wireless transfer using
the weak UWB signal, wherein the communication appara-
tus is structured in a form of, for example, a memory card,
and is used by being inserted into another information
device such as a digital camera.

According to a technique disclosed in this specification,
an excellent communication apparatus can be provided,
wherein the communication apparatus is structured in a form
of, for example, a memory card, and the communication

10

15

20

25

30

35

40

45

50

55

60

65

4

apparatus can preferably perform the proximity wireless
transfer even when the communication apparatus is inserted
into another information device such as a digital camera, by
improving the transmitting power in an induction field
nearby, and it is easy to obtain authentication under the
Radio Law for the communication apparatus.

According to a technique disclosed in this specification, a
high-frequency coupling device having high performance in
a near field can be formed on a substrate. Therefore, even if
the performance of the high-frequency coupling device for
the near field is deteriorated when a memory card having the
high-frequency coupling device and a communication mod-
ule incorporated therein is inserted into a digital camera and
the like made of a metallic casing, data of images taken by
the digital camera can be transferred by the proximity
wireless transfer at a high speed in a stable manner.

According to a technique disclosed in this specification, a
high-frequency coupling device having a low radiant gain
for a far field can be formed on a substrate. Therefore, even
when the transmitting power is increased, the electric field
strength leaked to the distance is small, and therefore,
another communication system would not be affected. By
increasing the transmitting power, the strength of the induc-
tion field for the near field where the proximity wireless
transfer is originally performed is increased, and therefore,
even when the device is inserted into a digital camera and
the like made of a metallic casing, the device can commu-
nicate stably.

According to a technique disclosed in this specification, a
high-frequency coupling device in which a longitudinal
length is shorter than a lateral length is structured, so that the
high-frequency coupling device does not transmit radio
wave in the lateral direction. Therefore, it is possible to
reduce the effect of interference caused by reflected waves
from the metallic casing of the digital camera located in the
lateral direction with respect to the memory card having the
high-frequency coupling device and the communication
module incorporated therein.

Other objects, features, and advantages of the technique
disclosed in this specification will become apparent from
detailed description based on attached drawings and
embodiments explained below.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a figure illustrating an example of configuration
of a high-frequency coupling device installed in a memory
card, in which a ground and a coupling electrode are formed
as a wiring pattern on the same memory card substrate;

FIG. 2 is a figure illustrating how a radiation electromag-
netic field is generated due to an increase in the amount of
electric current flowing in the longitudinal direction within
the high-frequency coupling device as shown in FIG. 1;

FIG. 3 is a figure illustrating an example of configuration
of a half-wave dipole antenna;

FIG. 4 is a figure illustrating another example of configu-
ration of a high-frequency coupling device installed in a
memory card, in which a ground and a coupling electrode
are formed as a wiring pattern on the same memory card
substrate;

FIG. 5 is a figure illustrating an example of arrangement
of a resonant unit and other circuits on a memory card
substrate 12 as shown in FIG. 1;

FIG. 6A is a figure illustrating change a radiant gain in a
far field and coupling strength in a near field when a
longitudinal length of the high-frequency coupling device
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formed on the memory card substrate 12 is changed while a
lateral length thereof is constant;

FIG. 6B is a figure illustrating the definitions of “longi-
tudinal length” and “lateral length” of the high-frequency
coupling device;

FIG. 7 is a figure illustrating an example of arrangement
of a resonant unit and other circuits on the memory card
substrate 12 as shown in FIG. 5;

FIG. 8 is a figure illustrating an example of a personal
computer having a high-frequency coupling device made by
forming a conductive pattern of the coupling electrode and
the ground on the main substrate;

FIG. 9 is a figure schematically illustrating a basic con-
figuration of a high-frequency coupling device used for
proximity wireless transfer;

FIG. 10 is a figure illustrating how an image charge -Q is
arranged within a planar conductor when a point charge Q
is placed outside of the planar conductor;

FIG. 11 is a figure representing an electric field caused by
an infinitesimal dipole; and

FIG. 12 is a figure illustrating an electric field generated
around a capacitance loading antenna.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

Hereinafter, preferred embodiments of the present disclo-
sure will be described in detail with reference to the
appended drawings. Note that, in this specification and the
appended drawings, structural elements that have substan-
tially the same function and structure are denoted with the
same reference numerals, and repeated explanation of these
structural elements is omitted.

Even when an information device such as a digital camera
does not have a proximity wireless transfer function if itself,
the information device can wirelessly transmit, in a direct
and easy manner, large-capacity data such as taken still
pictures and motion pictures when a memory card having
the proximity wireless transfer technique is inserted into the
information device. First, the principle of the proximity
wireless transfer technique will be explained.

In the proximity wireless transfer, a high-frequency cou-
pling device as shown in FIG. 9 is used as an antenna
element. A high-frequency coupling device 90 has a planar
coupling electrode 91 and a resonant unit including a series
inductor 92 and a parallel inductor 93, and is connected to
a communication circuit unit 96 via a high-frequency signal
transmission path 95.

A high-frequency communication signal flows into the
coupling electrode 91, where charge is accumulated. At this
occasion, the current flowing to the coupling electrode 91
via the transmission path is amplified by the resonance effect
of the resonant unit including the series inductor 92 and the
parallel inductor 93, and a larger amount of charge is
accumulated. When the charge Q is accumulated in the
coupling electrode 91, the image charge -Q is accumulated
in the ground 94.

In this case, when a point charge Q is placed outside of a
planar conductor, an image charge —Q (virtually represent-
ing surface charge distribution) is arranged within the planar
conductor, and this well-known in the field to which this
specification pertains, as described in, e.g., Tadashi Mizo-
guchi, “Electromagnetism” (Shokabo, pages 54 to 57). FIG.
10 is a figure illustrating how the image charge —-Q is
arranged within the planar conductor when the point charge
Q is placed outside of the planar conductor. In the figure, the
planar conductor corresponds to the ground 94, and the point
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charge Q placed outside of the planar conductor corresponds
to the accumulated charge of the coupling electrode 91.
Theoretically, the planar conductor is infinitely large, but in
reality, the planar conductor may be such that the distance
from the point charge Q to the end of the surface of the
conductor is sufficiently larger than the (shortest) distance
from the point charge Q to the surface of the conductor even
if the planar conductor is not an infinitely large plane.

As aresult of accumulation of the point charge Q and the
image charge -Q as described above, an infinitesimal dipole
made of a line segment connecting between the center of the
charge Q accumulated in the coupling electrode 91 and the
center of the image charge —Q accumulated in the ground 94
is formed (strictly speaking, the charge Q and the image
charge —Q have cubic volumes, and the infinitesimal dipole
is formed to connect between the center of the charge Q and
the center of the image charge —Q). The “infinitesimal
dipole” referred to herein means “an electric dipole of which
distance between charges is extremely short”. For example,
Yasuto Mushiake, “Antennas and Radio Propagation” (Co-
rona Publishing Co., LTD., page 16 to 18) also describes an
“infinitesimal dipole”. The infinitesimal dipole generates a
transverse wave component Eg of the electric field, a lon-
gitudinal wave component E; of the electric field, and a
magnetic field H, around the infinitesimal dipole.

FIG. 11 illustrates an electric field generated by the
infinitesimal dipole. As shown in the figure, the transverse
wave component Eg of the electric field oscillates in a
direction perpendicular to a propagation direction, and the
longitudinal wave component E, of the electric field oscil-
lates in a direction parallel to the propagation direction. The
magnetic field H, is generated around the infinitesimal
dipole (not shown). The following expressions (1) to (3)
represent electromagnetic fields generated by the infinitesi-
mal dipole. In the expressions, a component in inversely
proportional to a cube of the distance R is a static electro-
magnetic field, a component in inversely proportional to a
square of the distance R is an induction electromagnetic
field, and a component in inversely proportional to the
distance R is a radiation electromagnetic field. The induction
electromagnetic field corresponds to “near field”, because it
is greatly attenuated by the distance. In contrast, the radia-
tion electromagnetic field corresponds to “far field”, because
it is less attenuated by the distance.

£ pe ROT ko K2 . ) (9]
= — = - —
T Tz \B TR TR
kR . 2)
pe ¥ 1 jk (
Eg = e (F + F)COSO
. _ikR . 3)
Jope N1 jky . (
Hy = p (ﬁ + E)sm@

However, in the above expressions (1) to (3), a moment
p of the infinitesimal dipole and the distance R are defined
by the following expressions (4), (5), respectively.

P=0I

rV2?

In order to suppress interfering waves to ambient systems,
it is preferable to use the longitudinal wave E, that does not
include the radiation electromagnetic field while suppress-
ing the transverse wave E, including the radiation electro-
magnetic field. This is because, as can be understood from
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the above expressions (1), (2), the transverse wave compo-
nent E, of the electric field includes the radiation electro-
magnetic field corresponding to the far field, whereas the
longitudinal wave component E does not include the radia-
tion electromagnetic field.

As can be seen from the above expression (2), the
longitudinal wave E component attains the maximum value
when an angle 6 formed with the direction of the infinitesi-
mal dipole is zero degrees. Therefore, in order to perform the
proximity wireless transfer while efficiently using the lon-
gitudinal wave Ej of the electric field, it is preferable to
transfer a high-frequency electric field signal by oppositely
arranging a high-frequency coupling device of the other
party in communication such that the angle 6 formed with
the direction of the infinitesimal dipole is almost zero
degrees. With the resonant unit including the series inductor
92 and the parallel inductor 93, the amount of electric
current of the high-frequency signal flowing into the cou-
pling electrode 91 can be increased, and a larger amount of
charge Q can be accumulated. As a result, it is possible to
increase the moment p of the infinitesimal dipole formed by
the charge Q accumulated in the coupling electrode 91 and
the image charge —Q at the side of the ground 94, and the
high-frequency electric field signal made of the longitudinal
wave E, can be efficiently radiated in the propagation
direction at which the angle 6 formed with the direction of
the infinitesimal dipole is almost zero degrees.

The high-frequency coupling device 90 as shown in FIG.
9 has a structure similar to the “capacitance loading”
antenna, as shown in FIG. 12, that is made by attaching a
metal piece at the end of the antenna device to make a
capacitance so that the height of the antenna is reduced. The
capacitance loading antenna shown in the figure radiates
radio wave in circumference directions B, and B, of the
radiation element of the antenna, but direction A is a null
point to which the radio wave is not radiated. When the
electromagnetic field generated around the antenna is con-
sidered in detail, it is understood that the following electro-
magnetic fields are generated: the radiation electromagnetic
field attenuated in inversely proportional to the distance
from the antenna, the induction electromagnetic field attenu-
ated in inversely proportional to the square of the distance
from the antenna, and the static electromagnetic field attenu-
ated in inversely proportional to the cube of the distance
from the antenna. The radio wave radiated in the circum-
ference directions B, and B, of the radiation element of the
antenna corresponds to the transverse wave E, mainly
including the component of the radiation electromagnetic
field.

In order to suppress the far field gain of the high-
frequency coupling device 90 as shown in FIG. 9, the
high-frequency coupling device 90 is required not to act as
the capacitance loading antenna as shown in FIG. 12.
Therefore, it is preferable to suppress the amount of electric
current flowing in the direction perpendicular to the cou-
pling electrode 91. For example, when the height of the
coupling electrode 11 from the ground 94 is set at a level that
can be disregarded with respect to the wave length of the
used UWB signal, the amount of electric current in the
vertical direction can be suppressed, so that the high-
frequency coupling device 90 is prevented from acting as the
capacitance loading antenna.

In order to improve the near field gain of the high-
frequency coupling device 90 as shown in FIG. 9, the
amount of electric current flowing into the metal piece
(corresponding to the coupling electrode 91) at the end of the
capacitance loading antenna is increased, so that the longi-
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tudinal wave E; of the radio wave mainly including the
component of the induction field, which is radiated in the
direction A in FIG. 12, is increased.

Subsequently, a method for structuring a memory card
using the proximity wireless transfer technique will be
considered.

The applicant of the present application mentions the
following two conditions in order to achieve the memory
card using the proximity wireless transfer technique.

(1) The transmitting power in the induction field, i.e., the
near field, is improved, and even when the memory card is
inserted into another information device such as a digital
camera, the memory card can perform the proximity wire-
less transfer in a preferable manner. (2) The effect exerted on
other existing communication systems due to generation of
the radiation electromagnetic field, i.e., the far field, is
suppressed.

When the proximity wireless transfer technique is used in
the memory card, the high-frequency coupling device can be
easily made by forming the ground and the coupling elec-
trode as the wiring pattern on the same memory card
substrate. FIG. 1 illustrates an example of configuration of
a high-frequency coupling device 10 installed in the memory
card, in which the ground 14 and the coupling electrode 11
are formed as the wiring pattern on the same memory card
substrate 12.

However, in FIG. 1, the resonant unit, the communication
circuit unit, and other circuits are omitted. FIG. 5 illustrates
an example of arrangement of a circuit on the memory card
substrate 12. The ground 14 acts not only as the planar
conductor for obtaining the image charge —Q corresponding
to the point charge Q accumulated in the coupling electrode
11, but also as the ground of each circuit component
mounted on the memory card substrate 12. Therefore, as
shown in FIG. 5, the following circuits are mounted on the
ground 14: a resonant unit 51 configured to increase the
amount of electric current flowing into the coupling elec-
trode 11, a communication circuit unit 52 configured to
process the high-frequency signal transmitted and received
by the proximity wireless transfer, a control unit 53 config-
ured to control overall operation of the memory card, a
memory 54, and the like. The GND terminal of each circuit
component is grounded to the ground 14.

The action of generating the electric field on the memory
card substrate 12 as shown in FIG. 1 will be considered.

It is preferable to improve the transmitting power, i.e., the
coupling action of the induction field, at an end surface
portion of the memory card, which is exposed to the outside
when the memory card is inserted into the slot of the
information device such as the digital camera. For this
reason, the conductive pattern of the coupling electrode 11
is formed, on the memory card substrate 12, at an end edge
close to the insertion port of the slot (end edge at the side
opposite to the connector, not shown).

When the electric current is caused to flow into the
coupling electrode 11 to accumulate the charge Q, and the
infinitesimal dipole as shown in FIG. 11 is formed, the
ground 14 corresponds to the planar conductor in FIG. 10,
and the image charge -Q (virtually representing surface
charge distribution) is arranged within the ground 14. Theo-
retically, the planar conductor is infinitely large (as
described above), but in the example of configuration as
shown in FIG. 1, in reality, the conductive pattern of the
ground 14 is formed to have a size as large as possible on the
memory card substrate 14.

In this case, when an SD card is considered as the memory
card using the proximity wireless transfer technique, the size
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of the memory card is 32 mmx24 mm, in which the
longitudinal length of the card is longer than the lateral
length of the card. Naturally, the size of the memory card
substrate 12 is such that the longitudinal length thereof is
longer than the lateral length thereof. Therefore, when, as
shown in the example of configuration of FIG. 1, the
conductive pattern of the ground 14 is formed to have a size
as large as possible on the memory card substrate 12, the
high-frequency coupling device 10 has such size that the
longitudinal length thereof is longer than the lateral length
thereof.

In this case, as shown in FIG. 2, in particular, the amount
of electric current flowing in the longitudinal direction
increases on the ground 14 in the high-frequency coupling
device 10. Accordingly, the strength of the radiation elec-
tromagnetic field radiated in the lateral direction is increased
as shown by dotted lines in the figure. As a result, the
radiation electromagnetic field, which is not used in the
proximity wireless transfer, is radiated, and this consumes
the transmitting power. Therefore, the induction electric
field strength for the near field originally required for the
proximity wireless transfer is weakened. Therefore, it is
difficult to achieve the above condition (1), i.e., to improve
the transmitting power in the induction field, i.e., the near
field”.

In particular, in the TransferJet using a weak UWB signal,
the size of the SD card is almost the length of the half-wave
of'the used frequency. For this reason, the coupling electrode
11 and the ground 14 formed on the memory card substrate
14 are integrated, and act as the half-wave dipole antenna as
shown in FIG. 3. As a result, as described above, strong
radio wave for the far field is radiated in the lateral direction.

In order to satisfy the above condition (2), i.e., to suppress
“the effect exerted on other existing communication sys-
tems, it is preferable to suppress the strength of the radiation
electromagnetic field. For example, when this is made into
a product supporting radio communication, the strength of
the radiated electric field has to be suppressed to a standard
or less in order to obtain authentication under the Radio
Law. The high-frequency coupling device 10 as shown in
FIG. 1 has a high radiant gain for the far field as explained
with reference to FIGS. 2 and 3. In order to satisfy the
standard under the Radio Law, there is no choice but to
decrease the transmitting power. As a result, this weakens
the strength of the induction field for the near field, which is
originally used for the proximity wireless transfer, which
makes it difficult to perform stable communication.

Since the digital cameras are often made of metallic
casing because the digital cameras has to have strength that
can withstand drop even though the digital cameras are
small and thin (explained above). When the memory card as
shown in FIG. 1 is inserted into the digital camera, the
high-frequency coupling device 10 is surrounded by metal,
which blocks radiation of the electric field. Therefore, the
performance as the coupling device is reduced, and this
makes the communication unstable. It is also possible to
design the digital camera with regard to the slot of the
memory card and portions therearound in view of the
performance of the high-frequency coupling device 10.
However, in general, different manufacturers design and
manufacture the digital camera and the memory card having
the proximity wireless transfer function. Therefore, it is not
practical for all the manufacturers of the digital cameras to
provide products supporting the memory card having the
proximity radio communication function.

Moreover, the radiation electromagnetic field radiated in
the lateral direction of the memory card substrate 12 as
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shown in FIG. 2 is such that, when the memory card is
inserted into the slot of the digital camera, the memory card
is surrounded by the metal, and the radiant gain for the far
field decreases. Therefore, even with the transmitting power
for obtaining the strength of the induction field for the near
field at which the proximity wireless transfer is originally
performed, the strength of the radiated electric field satisfies
the standard under the Radio Law when the memory card is
inserted into the digital camera. However, in this case, not
the memory card alone, but the memory card attached to the
digital camera is required to obtain the authentication under
the Radio Law. In other words, the authentication under the
Radio Law is to be obtained for each type of digital cameras,
and this burden would be the problem for vendors that
manufacture and sell memory card having the proximity
wireless transfer technique.

In the example of configuration of the high-frequency
coupling device 10 as shown in FIG. 1, the above is
summarized as follows. Since the longitudinal length of the
high-frequency coupling device 10 is longer than the lateral
length thereof, the amount of electric current flowing in the
longitudinal direction increases in the high-frequency cou-
pling device 10, and in particular, the amount of electric
current increases on the ground 14, which increases the
strength of the radiation electromagnetic field for the far
field radiated in the lateral direction. Conversely, when the
high-frequency coupling device 10 radiating low level of
radiation electromagnetic field for the far field in the lateral
direction can be made on the memory card substrate 12, the
regulation of the Radio Law is not violated even if the
transmitting power is increased to compensate for the low
level radiation in the lateral direction. Therefore, by increas-
ing the transmitting power to increase the strength of the
induction field for the near field, sufficient communication
performance for the proximity wireless transfer can be
ensured.

Accordingly, an example of configuration where the
length of the longitudinal length of the conductive pattern of
the ground 14 is shortened as shown in FIG. 4 in order to
reduce the amount of electric current flowing in the longi-
tudinal direction within the high-frequency coupling device,
which contributes to the radiant gain for the far field, will be
considered. In this case, even when the size of the SD card
serving as the memory card is almost the half-wave of the
used frequency, the length of the longitudinal length of the
high-frequency coupling device 10 is sufficiently shorter
than the half-wave. Therefore, the coupling electrode 11 and
the ground 14 do not integrally act as the half-wave dipole
antenna (see FIG. 3), and it is possible to suppress the
strength of the radiation electromagnetic field for the far
field radiated in the lateral direction. As a result, the trans-
mitting power is efficiently allocated to the proximity wire-
less transfer using the induction field for the near field, and
sufficient communication performance can be ensured. In
addition, the strength of the radiated electric field for the far
field is expected to be suppressed to the standard prescribed
under the Radio Law or less.

In the example as shown in FIG. 4, the coupling electrode
11 and the ground 14 are formed on the same surface of the
memory card substrate 12. Alternatively, the coupling elec-
trode 11 and the ground 14 may be formed in a different
layer (not shown) in the same multi-layer substrate.

FIG. 6A respectively shows changes of a coupling
strength for the near field [dB] (plotted as M in the figure)
and a radiant gain for the far field [dBi] (plotted as # in the
figure) when the lateral length of the high-frequency cou-
pling device 10 formed on the memory card substrate 12 is



US 9,450,645 B2

11

kept constant (20 mm) but the longitudinal length thereof is
changed. It should be noted that the “longitudinal length”
and the “lateral length” of the high-frequency coupling
device 10 referred to herein are respectively defined as the
lengths shown in FIG. 6B.

The “longitudinal length” of the high-frequency coupling
device 10 corresponds to the length of the high-frequency
coupling device in the direction of the moment of the
infinitesimal dipole as shown in FIG. 11 or the oscillating
direction of the longitudinal wave E, of which main com-
ponent is the induction field. The “lateral length” of the
high-frequency coupling device 10 is the length of the
high-frequency coupling device in a direction perpendicular
to the longitudinal length. As shown in FIGS. 1 and 4, when
the high-frequency coupling device 10 is formed as the
conductive pattern on the memory card substrate 12, the
“lateral length” of the high-frequency coupling device 10
corresponds to the length in a direction parallel to the width
direction of the memory card substrate 12.

In FIG. 6A, in the region at the left side divided by a
dotted line, the longitudinal length of the high-frequency
coupling device 10 is shorter than the lateral length thereof,
but in the region at the right side, the longitudinal length of
the high-frequency coupling device 10 is longer than the
lateral length thereof. When the longitudinal length of the
high-frequency coupling device 10 is shorter than the lateral
length thereof, the radiant gain for the far field is suppressed
to a low level, and the standard under the Radio Law can be
satisfied. When the longitudinal length of the high-fre-
quency coupling device 10 is shorter than the lateral length
thereof, the coupling strength for the near field is highly
stable, and therefore, the proximity wireless transfer can be
performed stably.

On the other hand, when the longitudinal length of the
high-frequency coupling device 10 is longer than the lateral
length thereof, the radiant gain for the far field increases, and
the standard under the Radio Law is exceeded, which makes
it difficult to obtain the authentication. Moreover, since the
transmitting power is consumed for the radiant gain for the
far field, this weakens the strength of the induction field for
the near field which is originally required for the proximity
wireless transfer. In this case, when the transmitting power
is reduced to the standard under the Radio Law or less, the
induction field for the near field is further weakened, and this
makes the proximity wireless transfer still more unstable
communication.

As described above, when the longitudinal length of the
high-frequency coupling device 10 is formed to be shorter
than the lateral length thereof, the high-frequency coupling
device having high near field performance can be provided
on the memory card substrate 12. Therefore, even if the
performance of the high-frequency coupling device for the
near field is deteriorated when the memory card having the
high-frequency coupling device 10 and a communication
module incorporated therein is inserted into a digital camera
and the like made of a metallic casing, data of images taken
by the digital camera can be transferred by the proximity
wireless transfer at a high speed in a stable manner.

The high-frequency coupling device 10 formed on the
memory card substrate 12 is such that the longitudinal length
thereof is shorter than the lateral length, and therefore, the
high-frequency coupling device 10 has a lower radiant gain
for the far field. Therefore, even when the transmitting
power is increased, the electric field strength leaked to the
distance is small, and therefore, another communication
system would not be affected. By increasing the transmitting
power, the strength of the induction field for the near field
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where the proximity wireless transfer is originally per-
formed is increased, and therefore, even when the device is
inserted into a digital camera and the like made of a metallic
casing, the device can communicate stably.

The high-frequency coupling device 10 formed on the
memory card substrate 12 is such that the longitudinal length
thereof is shorter than the lateral length, and therefore, the
radio wave is not radiated in the lateral direction. Therefore,
it is possible to reduce the effect of interference caused by
reflected waves from the metallic casing of the digital
camera located in the lateral direction with respect to the
memory card having the high-frequency coupling device 10
and the communication module incorporated therein.

By the way, the ground 14 formed on memory card
substrate 12 acts not only as the planar conductor for
obtaining the image charge —Q corresponding to the point
charge Q accumulated in the coupling electrode 11, but also
as the ground of each circuit component mounted on the
memory card substrate 12. When the length of the longitu-
dinal length of the conductive pattern of the ground 14 is
shortened as shown in FIG. 4, the size of area as the ground
for the other circuit components is reduced.

Accordingly, instead of forming the conductive pattern
integrating the ground for the high-frequency coupling
device and the ground for the other circuit components, a slit
14C may be placed in the conductive pattern of the ground
14 as shown in FIG. 7, so that the conductive pattern is
separated into a first ground portion 14A for the high-
frequency coupling device and a second ground portion 14B
for the other circuit components. The longitudinal length of
the first ground portion 14 A for the high-frequency coupling
device is formed to be shorter than the lateral length, the
radiant gain for the far field is suppressed to a low level to
satisfy the standard of the Radio Law, and the coupling
strength for the near field can be kept at a high level to stably
perform the proximity wireless transfer. The resonant unit 51
is mounted on the first ground portion 14A. The circuits such
as the communication circuit unit 52, the control unit 533, and
the memory 54 are mounted on the second ground portion
14B, and the GND terminal of each of the circuit compo-
nents 52 to 54 is grounded to the second ground portion 14B.

In the example as shown in FIG. 7, the first ground portion
14A and the second ground portion 14B are formed on the
same surface of the memory card substrate 12. Alternatively,
the first ground portion 14A and the second ground portion
14B may be formed in a different layer (not shown) in the
same multi-layer substrate.

It is to be understood that, when no other circuit compo-
nent is arranged on the memory card substrate 12, it is not
necessary to provide a lit in the ground 14 to form the second
ground portion 14B separated from the first ground portion
14A, and it is sufficient to simply shorten the longitudinal
length of the ground 14.

It should be noted that the technique disclosed in this
specification can be made as the following configuration.

(1) A communication apparatus including: a substrate; a
high-frequency coupling device including a coupling elec-
trode and a ground formed as a conductive pattern on the
substrate; a communication circuit unit configured to pro-
cess a high-frequency signal transmitted and received by the
coupling electrode; and a resonant unit configured to
increase an amount of electric current flowing into the
coupling electrode, wherein the high-frequency coupling
device is configured such that a longitudinal length is shorter
than a lateral length.

(2) The communication apparatus according to (1),
wherein an infinitesimal dipole made of a line segment
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connecting between a center of a charge accumulated in the
coupling electrode and a center of an image charge accu-
mulated in the ground is formed, and the high-frequency
signal is transferred to a party in communication oppositely
arranged such that an angle 6 formed with a direction of the
infinitesimal dipole is almost zero degrees.

(3) The communication apparatus according to (1),
wherein the longitudinal length of the high-frequency cou-
pling device is sufficiently shorter than a half-wave of the
high-frequency signal.

(4) The communication apparatus according to (1),
wherein the coupling electrode and the ground are formed
on a same surface of the substrate.

(5) The communication apparatus according to (1),
wherein the substrate has a multi-layer structure, and the
coupling electrode and the ground are formed in different
layers on the substrate.

(6) The communication apparatus according to (1), fur-
ther including: a second ground on the substrate, wherein the
second ground is separated from the ground of the high-
frequency coupling device.

(7) The communication apparatus according to (6),
wherein the ground of the high-frequency coupling device
and the second ground are formed on a same surface of the
substrate and are separated by a slit.

(8) The communication apparatus according to (6),
wherein the second ground is used to ground a circuit
component, other than the resonant unit, mounted on the
substrate.

(9) The communication apparatus according to any of (1)
to (8), wherein the communication apparatus is incorporated
into a memory card, and the substrate is a memory card
substrate on which a memory and a circuit component for
the memory card are mounted.

(10) The communication apparatus according to any of
(1) to (8), wherein the communication apparatus is incor-
porated into an information device, and the substrate is a
main circuit substrate on which a main circuit component of
the information device is mounted.

It should be understood by those skilled in the art that
various modifications, combinations, sub-combinations and
alterations may occur depending on design requirements and
other factors insofar as they are within the scope of the
appended claims or the equivalents thereof.

In this specification, the embodiment has been mainly
described in which the high-frequency coupling device is
made with the conductive pattern of the coupling electrode
and the ground formed on the memory card substrate.
However, the gist of the technique disclosed in this speci-
fication is not limited thereto. Alternatively, a communica-
tion apparatus for communicating by proximity wireless
transfer can be achieved with a high-frequency coupling
device made by forming a conductive pattern of a coupling
electrode and a ground on any circuit substrate other than the
memory card.

For example, as shown in FIG. 8, a conductive pattern of
a coupling electrode and a ground in which the longitudinal
length is shorter than the lateral length may be formed on a
main circuit substrate (mother board), and a communication
apparatus having a high-frequency coupling device capable
of reducing the radiant gain for the far field to a low level
and stably performing the proximity wireless transfer can be
provided in a personal computer.

In short, this technique has been disclosed as a form of
example, and the content of the description of this specifi-
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cation should not be interpreted in a limiting manner. In
order to determine the gist of this technique, claims should
be taken into consideration.

The present disclosure contains subject matter related to
that disclosed in Japanese Priority Patent Application JP
2011-136773 filed in the Japan Patent Office on Jun. 20,
2011, the entire content of which is hereby incorporated by
reference.

What is claimed is:

1. A communication apparatus comprising:

a substrate;

a coupling device including a coupling electrode and a
first ground portion formed as a conductive pattern on
the substrate along a longitudinal length of the coupling
device;

a communication circuit unit configured to process a
signal transmitted and received by the coupling elec-
trode;

a resonant unit configured to increase an amount of
electric current flowing into the coupling electrode,
wherein the longitudinal length of the coupling device
is shorter than a lateral length of the coupling device
perpendicular to the longitudinal length; and

a second ground portion formed on the substrate,

wherein the coupling electrode, the first ground portion
and the second ground portion are formed on the same
surface of the substrate, and wherein the resonant unit
is mounted on the first ground portion and the com-
munication circuit unit is mounted on the second
ground portion.

2. The communication apparatus according to claim 1,
wherein an infinitesimal dipole made of a line segment
connecting a center of a charge accumulated in the coupling
electrode and a center of an image charge accumulated in the
first ground portion is formed, and the signal is transferred
to another communication apparatus arranged opposite to
the communication apparatus such that an angle 6 formed
with a direction of the infinitesimal dipole is almost zero
degrees.

3. The communication apparatus according to claim 1,
wherein the longitudinal length of the coupling device is
sufficiently shorter than a half-wave of the signal.

4. The communication apparatus according to claim 1,
wherein the substrate has a multi-layer structure, and the
coupling electrode and the first ground portion are formed in
different layers on the substrate.

5. The communication apparatus according to claim 1,

wherein the second ground portion is separated from the
ground of the coupling device.

6. The communication apparatus according to claim 1,
wherein the first ground portion and the second ground
portion are separated by a slit.

7. The communication apparatus according to claim 1,
wherein the second ground portion is used to ground a
circuit component, other than the resonant unit, mounted on
the substrate.

8. The communication apparatus according to claim 1,
wherein the communication apparatus is incorporated into a
memory card, and the substrate is a memory card substrate
on which a memory and a circuit component for the memory
card are mounted.

9. The communication apparatus according to claim 1,
wherein the communication apparatus is incorporated into
an information device, and the substrate is a main circuit
substrate on which a main circuit component of the infor-
mation device is mounted.
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10. The communication apparatus according to claim 1,
wherein the longitudinal length of the coupling device is
along a direction of a moment of a dipole formed between
a charge accumulated in the coupling electrode and a charge
accumulated in the first ground portion. 5
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